Abstract Historically cormorants have come into direct conflict with fisheries because of their feeding habits. The Socotra cormorant Phalacrocorax nigrogularis is a regionally endemic seabird restricted to the Arabian Gulf and coastal Oman, and is categorized as Vulnerable on the IUCN Red List. The species is perceived as being detrimental to local fisheries and is therefore persecuted. We studied the diet and estimated the number of Socotra cormorants breeding on Siniya Island, Umm Al Quwain, United Arab Emirates, to determine their impact on local fisheries. Regurgitated fish loads were collected during the breeding seasons of - and -, and the biomass of fish consumed by the Socotra cormorant population was estimated. The diet comprised seven species of fish, with sailfin flying fish Parexocoetus mento and blue-stripe sardine Herklotsichthys quadrimaculatus dominating in - and anchovies (Encrasicholina spp.) dominating in -. Biomass of fish loads was higher in - compared to -, although mean biomass of fish loads did not differ. Dominant fish species in the cormorant's diet were either used as baitfish or were non-target species in the fisheries. The low overlap between the diet of the Socotra cormorant and the fish landed by the fisheries suggests that the cormorant's impact on fisheries is minimal. Conservation strategies to protect the birds and their feeding areas could safeguard populations of this species from further declines.
Cormorants may limit recruitment of declining fish stocks (Barrett et al., ) ; prey on baits used in lobster traps or on fishing hooks, thus reducing capture rates (Price & Nickum, ) ; feed from aquaculture ponds housing a variety of farmed fish (Price & Nickum, ) ; feed on the prey species of commercial fish (Östman et al., ) ; and cause significant damage to fishers' nets while diving in pursuit of fish (Nettleship & Duffy, ) .
Other studies, however, have demonstrated that cormorants have a positive effect on fisheries and ecosystem dynamics (Suter, , a,b; Liordos & Goutner, ) . They prey on fish species that are not targeted by humans (e.g. Liordos & Goutner, ) , feed on fish of smaller size classes (Liordos & Goutner, ; Troynikov et al., ) , selectively feed on and remove sick fish from farms (Nettleship & Duffy, ) , and cause density-dependent regulation of fish, thereby enhancing fish diversity and ecosystem functioning (Suter, , a,b) . Fishers generally perceive cormorants to be a threat to fisheries (Stickley & Andrews, ; Liordos et al., ; Nelson, ) ; for example, Mississippi catfish farmers believed that doublecrested cormorants Phalacrocorax auritus were the greatest threat to farmed fish in ponds (Glahn & Brugger, ) , and fishers of the Amvrakikos Gulf, Greece, believed that cormorants were the primary cause of decline in commercial fish stocks (Liordos et al., ) . Although some of their perceptions are well founded (Leopold et al., ) , others are baseless (Dalton et al., ) .
The Socotra cormorant Phalacrocorax nigrogularis is a regionally endemic species found in the Arabian Gulf, the Gulf of Oman and adjoining regions (Javed & Khan, ; BirdLife International, ) . It is categorized as Vulnerable on the IUCN Red List, based on significant population declines since the s (BirdLife International, ). The cormorants are surface-diving piscivores (Cramp, ), and anecdotal information suggests that their diet probably includes sardines Sardinella spp., bigeye Selar crumenophthalmus and yellowtail scads Atule mate, silversides Atherinomorus lacunosus, spotted halfbeaks Hemiramphus far and streaked rabbitfishes Siganus javus (Jennings, ) . Disturbance at the breeding colonies is regarded as a major threat to the species, and many colonies have gone extinct as a result of oil exploitation and construction (Jennings, ) . Collection of eggs and chicks occurs in many of the western colonies, including Abu Dhabi (Jennings, ; Wilson, ) , and recreational shooting of adults seems to be a common practice (Jennings, ) although this has not been quantified. Egg collection, hunting of chicks or adults, and disturbance to the breeding habitat are all prohibited under United Arab Emirates Federal Law # ().
The diet of seabirds varies between adults and chicks, and chick-provisioning offers insight into fish availability, distribution patterns and long-term changes in the oceanic environment (Barrett et al., ; Montevecchi, ) . The diet of chicks has therefore been used in many seabird studies to examine feeding and foraging ecology (Schreiber & Burger, ) . Cormorants regurgitate food loads (consisting of intact or partly digested food) and pellets (containing feathers, otoliths or bones) at their nesting sites. Both have been used to determine diet, although pellets provide a higher degree of accuracy (Zijlstra & Van Eerden, ) provided libraries of fish otoliths are available. Regurgitated food can also be valuable in identifying dietary components, and is considered to be a suitable index of available diet (Barati, ; Emmrich & Düttmann, ) .
The Arabian Gulf is a shallow, highly saline and relatively warm marine system with rapid turnover; it supports fish communities that are species depauperate compared to other shallow waters at similar latitudes (Sheppard, ; Grandcourt, ) . Artisanal, recreational and commercial fishing are carried out there, targeting mostly reef fish, including groupers (Serranidae), seabreams (Sparidae), emperors (Lethrinidae), snappers (Lutjanidae), sweetlips and grunts (Haemulidae), jacks (Carangidae) and parrotfishes (Scaridae; Carpenter et al., ; Grandcourt, ). Species such as Sardinella longiceps are also exploited as baitfish, although the extent of this exploitation is not reported (MOEW, ). In recent years sharks and other elasmobranchs have also been targeted as part of an unregulated market in the United Arab Emirates (Jabado et al., ) . Fisheries statistics are reported at the family level, precluding the estimation of species-specific catch data (MOEW, ). The lack of species-specific catch and trade data is regarded as an impediment to adequate fishery management (Jabado et al., ) .
Many fish species are exploited at unsustainable rates in the Arabian Gulf (Grandcourt, ; EAD, a; Jabado et al., ) . Populations of the Socotra cormorant could influence fish stocks by targeting bait or commercial fish species. However, a clear understanding of ecological and sociological factors could help to facilitate sustainable coexistence of cormorants (or other seabirds) and humans (Van Eerden et al., ) in the Arabian Gulf. We studied the diet of Socotra cormorant chicks to better understand the species' role in the Arabian Gulf and its impact on the commercial fishery of the United Arab Emirates.
Study area
Within the Arabian Gulf the largest breeding concentrations of Socotra cormorants occur within the Gulf of Salwa. Bahrain's Hawar Islands complex hosted a population of c. , pairs during - (Jennings, ; Fig. ) , and several Saudi Arabian coastal islands hosted ,-, pairs (Jennings, ) . Colonies in the western United Arab Emirates collectively host c. , pairs on - islands in Abu Dhabi (EAD, , a,b) , and a single colony on Siniya Island in Umm Al Quwain (Fig. ) is estimated to host ,-, pairs (Muzaffar, ) . Although current trends suggest that Siniya Island may have a larger breeding population, we still consider the Hawar Islands to be the largest breeding colony, given the variability in the size of the breeding population between years (Pilcher et al., ; Jennings, ; Muzaffar, ) .
This study was part of a greater effort to understand breeding, foraging ecology and conservation of the species on Siniya Island ( 
Methods
Fish loads were collected during the - and - breeding seasons. We approached nesting cormorants during .-., which elicited regurgitation (normally they would attempt to feed the chicks directly). In the - breeding season sampling was carried out early ( October ), when most chicks (. %) had hatched but were still small and associated with nests, and late ( November ), when chicks were .  weeks old and many were still associated with nest sites but most were forming creches (Gubiani et al., ) . Thus, there was a better representation of the diet of chicks of various sizes during -. In - fish loads were collected only on two dates during the breeding season ( November  and  February ), arbitrarily defined as early and late. Our observations suggested that one species dominated fish loads throughout the season, and therefore the small sample size could still be representative. Each fish load was placed in a labelled ziplock bag and either analysed on site, away from the colony (-), or frozen within - hours and processed later in the laboratory (-). Each species was photographed, and representative specimens were retained to confirm their identification later.
Loads that contained partly digested fish were not used in the analyses. We analysed a total of  fish loads containing  individual fish in - and  fish loads containing  individual fish in -. Although we recognize that these sample sizes are small and there is potential for bias, we believe that the collection method made sampling representative although it had the potential to miss rare species in the diet.
Each individual fish was identified to the lowest possible taxonomic level using FAO (), Carpenter et al. () and FishBase (Froese & Pauly, ) , and their standard lengths were measured. The biomass of each species was estimated using the equation
where SL = standard length. Values of fitting parameters a and b were obtained from published references for the species or genus in FishBase (Froese & Pauly, ) . The total number of fish per load, mean biomass of individual fish from all fish loads, and mean biomass of fish loads were pooled for a given season and compared between years using one-way ANOVA to examine inter-year differences in diet. Relative abundance and fish biomass were also compared between years. Biomass of early and late fish loads was compared using one-way ANOVA.
Breeding population data for the Socotra cormorant were obtained from our ongoing monitoring activity (Muzaffar et al., , ) . The total breeding populations during the - and - seasons were estimated based on the density and area of occupancy of breeding pairs. Area of occupancy was mapped in Google Earth (Google Inc., Mountain View, USA) and calculated in m  . The density of nesting birds was taken from Muzaffar et al. () . Variance was estimated following Anderson et al. () . Hatching success was estimated to be .% for - (Muzaffar et al., ) and .% for - (S.B. Muzaffar, unpubl. data). Fledging success (the proportion of hatchlings that survived to fledging) was estimated to be . (Muzaffar et al., ) and .% (S.B. Muzaffar, unpubl. data) for - and -, respectively. Fourteen study plots, each containing - nests, were monitored once every  weeks to determine the hatching success and fledging success in - (Muzaffar et al., ) . Chicks were considered fledged if they were no longer observed in the nest after  days (see details in Muzaffar et al., ) . Juveniles and non-breeding adults were estimated to comprise  and %, respectively, of the breeding population each year, based on the age structure of other species of cormorants (Nelson, ) . Variance in the estimates of the total numbers of chicks and fledglings was based on variation in the hatching and fledging success in Muzaffar, unpubl. data) . Variance in the juvenile, nonbreeding adult and breeding adult populations was estimated by resampling the product of the density of nests in the  plots (Muzaffar et al., ) and the area , times with replacement (Manly, ) . The number of meals per chick was estimated to be three per day, based on our observations, and it was assumed that one meal represented one fish load. The biomass consumed by the total population of chicks was estimated based on the mean biomass of fish in fish loads consumed during each breeding season ( days). The biomass consumed by fledged chicks was calculated over the entire year ( days), assuming none of the fledged chicks died before the following year.
Consumption of fish by juveniles and non-breeding and breeding adults was estimated based on allometric calculations in Nagy () and then extrapolated to the total population of those age classes in - and -. Field metabolic rate (FMR) was calculated using the following equation:
The mass of a Socotra cormorant was set at , g, based on our measurements of adult individuals (S.B. Muzaffar, unpubl. data). Energy density of prey was set at . kJ g − , following Danckwerts et al. () . All quantities of fish consumed were converted to tonnes and extrapolated to the entire population in each year.
Fishing occurs extensively within the waters of the United Arab Emirates (Fig. ) and some areas are fished by more than one emirate. Fisheries statistics for  were obtained from the Ministry of Environment and Water (MOEW, ). Fisheries statistics for  were not available and were estimated based on the mean incremental increase in fish landings during - available from the MOEW. These data provide total fish catches in all seven emirates (Abu Dhabi, Dubai, Sharjah, Ajman, Umm Al Quwain, Ras Al Khaimah and Fujairah), including total catch, total catch of demersal fish and total catch of pelagic fish. Based on foraging data for Socotra cormorants (Muzaffar, ) we determined that individuals breeding on Siniya Island were fishing in the waters of Dubai, Sharjah, Ajman, Umm Al Quwain and Ras Al Khaimah. We therefore pooled the landing data for these five emirates to compare total biomass consumption by Socotra cormorants in relation to fish landings. The accuracy of the data for fish catches is not indicated on the MOEW website, and thus we have presented them as raw total catch, without any standard error. All statistical analyses were conducted in Minitab . (Informer Technologies Inc., Shingle Springs, USA).
Results
Fish loads contained - fish, with a mean of . in - and . in -; the difference was not significant (Fig. ) . Mean biomass of individual fish was significantly higher in - (. g) compared to - (. g; one-way ANOVA, n = , F = ., P , .). Total biomass per fish load, however, was not significantly different between years.
Seven species of fish were recorded in the fish loads: sailfin flying fish Parexocoetus mento, blue-stripe sardine Herklotsichthys quadrimaculatus, anchovies Encrasicholina spp., pink ear emperor Lethrinus lentjan, pickhandle barracuda Sphyraena jello, congaturi halfbeak Hyporhamphus limbatus, and bigeye scad Selar crumenophthalmus (Fig. ) . There was little overlap in the composition of the diet between the  years. Sailfin flying fish were the most numerically dominant species in - (%), whereas anchovies dominated in - (.%). Estimates of fish biomass revealed that the blue-stripe sardine was more prevalent as prey in - (.%), followed by the sailfin flying fish (.%). In - the mean biomass of fish loads increased from . to . g during the chick-rearing period (one-way ANOVA, F = ., P , .). The diet was composed primarily of sailfin flying fish (.%) in the early part of the season, followed by a switch to blue-stripe sardine (.%) and pink ear emperor (.%). No such change was evident in the - season, and anchovies remained the most consumed species throughout the season (% early in the season and .% later). Biomass of fish per load decreased between early (. g) and later (. g) in the season (one-way ANOVA, F = ., P , .).
Total consumption of fish was estimated to be , ± SE  t in - and , ± SE  t in -. Chicks consumed c.  ± SE  and , ± SE  t during the chick-rearing period in - and -, respectively ( Table ) . Fledglings consumed , ± SE  and , ± SE  t in - and -, respectively. Total fish biomass consumed by the Socotra cormorant population of Siniya Island was , ± SE  and , ± SE  t in - and -, respectively.
The total tonnage of fish landed by the commercial fisheries from the foraging areas of Socotra cormorants was , t in  and , t in . Most of the catch was composed of demersal fishes (, t in , , t in ) and none of the commercial catches included any of the species that were dominant in the diet of Socotra cormorants (MOEW, ; Table ). (Fig. ) during the - and - breeding seasons in terms of (a) number of individuals and (b) biomass of prey species.
FIG. 3 Comparison of the diet of Socotra cormorants on Siniya Island
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Oryx, 2017, 51 (1) Commercial fishing in the Arabian Gulf has increased in recent years as a result of development in the Middle East (Grandcourt, ; Jabado, ), and is dominated by medium-large reef fish species belonging to the Serranidae, Sparidae, Lethrinidae, Lutjanidae and Carangidae (Carpenter et al., ; EAD, ; Grandcourt, ) . The breeding population of Socotra cormorants of Siniya Island may have a significant impact on its food webs, utilizing a variety of small fish of length - mm. The diet of chicks varied significantly between years, suggesting that the species is a generalist, feeding opportunistically on abundant fish species. The local fisheries primarily land large demersal or reef fishes, whereas the diet of cormorant chicks consists of small, pelagic fishes, mostly of low commercial value, and therefore the impact of the cormorants on fisheries is minimal.
Chick diet
Socotra cormorants appear to be a generalist species, with significant variation in the diet of chicks. The diet consisted mostly of sailfin flying fish and blue-stripe sardines in - and anchovies in -. The fishes consumed were small (biomass - g), with significantly lower individual biomass recorded in -, when anchovies comprised % of the diet. The mean biomass of fish loads was not significantly different between years, however, indicating that parents provided approximately the same amount of food to their growing chicks, compensating for differences in the biomass of individual fish species. As partly digested fish were not included in the analyses, rare species were probably not adequately sampled and only dominant species were quantified, and therefore further studies are needed to characterize the breadth of the diet of cormorants.
Many cormorant species exhibit opportunistic dietary patterns over the course of a year (Nelson, ; Liordos & Goutner, ), suggesting adaptability to changing fish stocks. Jennings () reported that sardines, halfbeaks, scads and rabbitfish formed part of the diet of Socotra cormorants in the Hawar Islands in Bahrain. Although these species were not recorded in our study, some are from the same families (pelagic species of Hemiramphidae, Clupeidae and Carangidae). This indicates that cormorants from different colonies may have dissimilar diets, depending on the available local fish resources, seasonality and year, although the major fish groups targeted may be similar. Intercolony variation in diet has been widely reported in other cormorant (Liordos & Goutner, ) and seabird species (Schreiber & Burger, ) and requires further investigation in Socotra cormorants.
Mean biomass of fish load increased significantly during the latter part of the - season. This was probably a reflection of the breeding phase, with larger chicks compelling parents to provide larger fish loads. The change in fish biomass also reflected a switch from mainly flying fish to sardines, as parents provided more nutritious food to their growing chicks (Barati, ; Emmrich & Düttmann, ) . The diets of great cormorants are also known to change in response to the nutritional requirements of growing chicks during the course of a season (Liordos & Goutner, ; Barati, ; Emmrich & Düttmann, ) .
In contrast, in - the biomass of fish loads declined as the season progressed. A larger sample size could have provided a better understanding of how fish loads change in relation to fish availability; however, we speculate that difference in the timing of breeding between - and - could explain our observations. In - breeding started c.  (Fig. ) , and the estimated biomass consumed by the population during the - and - breeding seasons. 
Impact on fisheries
Great cormorants have contrasting impacts on local fish resources. Increasing populations caused a decline in fish stocks in an estuary in Estonia over a -year period (Vetemaa et al., ) . However, Engström () showed that although great cormorant populations were linked with fish densities, predation pressure from cormorants did not cause a decline in fish densities in Lake Ymsen, Sweden. Thus, the perceived impact of cormorants on fisheries is often incorrect. Troynikov et al. () , b) . Similar data for other emirates are not available but it may be assumed that they exploit similar species, given the widespread popularity of these species (Beech et al., ; Grandcourt, ) . The sailfin flying fish, which comprised .% of the diet of Socotra cormorants in -, is not exploited by the fishery, and the blue-stripe sardine, which dominated the diet (.%), is exploited for consumption, baitfish or animal feed but is not reported in the fisheries statistics (Grandcourt, ; EAD, a; MOEW, ). Similarly, anchovies, which dominated the Socotra cormorant's diet in - (.%), are used as baitfish or animal feed but their exploitation is not of commercial importance. It is possible that Socotra cormorants may influence commercial fish species indirectly by eating younger individuals or the prey of the larger fish. Our study does not provide evidence of significant consumption of any larval stages of commercially important fish. The two commercially exploited species found in the diet, S. jello and L. lenjtans, constituted minor components of the diet. Selar crumenophthalmus is not reported in the fisheries statistics, although other species of scads (e.g. Atule bajad) are targeted at low levels (,  t annually; EAD, ) by the commercial fishery. Anchovies were the most important component of the diet in the - breeding season, suggesting that there could be conflict between cormorants and fishers. However, species that are considered baitfish (e.g. Sardinella longiceps, Encrasicholina spp.) seem to be captured opportunistically and at sufficiently low levels that they are not reported in the fishery statistics (EAD, a; MOEW, ). Reports of fishers' attitudes towards Socotra cormorants are anecdotal, and formal surveys are needed to determine perceptions and attitudes of fishers. The total quantity of fish consumed by the Socotra cormorant population breeding on Siniya Island is small compared to the total tonnage of exploited species (MOEW, ; Table  ). Juveniles and breeding and non-breeding adults leave the colony to disperse as far as Abu Dhabi in the west and across the Strait of Hormutz into the Gulf of Oman in the east (Muzaffar, ), thus they forage away from the breeding colony during April-September, exploiting other regions of the Gulf. Based on the little overlap between the diet of cormorant chicks and commercially exploited species, and the relatively small biomass consumed by cormorants, we suggest that the species has a low impact on the commercial fisheries of the United Arab Emirates. The negative perception among fishers of the effects of cormorants on fish stocks in the United Arab Emirates or the greater Arabian Gulf is misplaced.
Measures must be taken to ensure sustainability of fisheries and to protect the Socotra cormorant, especially on Siniya Island. As the United Arab Emirates hosts % of the global population of the species, protection and better understanding of Siniya Island and other colonies in Abu Dhabi are essential. Siniya Island hosts the largest population of breeding Socotra cormorants in the United Arab Emirates (Jennings, ) . Long-term studies examining diet of this and other seabird species will help to understand the role of Socotra cormorants and other seabirds in shaping the food webs of the Arabian Gulf.
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